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Energy Use in Agriculture: Background and Issues 



Summary 

Agriculture requires energy as an important input to production. Agriculture 
uses energy directly as fuel or electricity to operate machinery and equipment, to heat 
or cool buildings, and for lighting on the farm, and indirectly in the fertilizers and 
chemicals produced off the farm. In 2002, the U.S. agricultural sector used an 
estimated 1.7 quadrillion Btu of energy from both direct (1.1 quadrillion Btu) and 
indirect (0.6 quadrillion Btu) sources. However, agriculture’s total use of energy is 
low relative to other U.S . producing sectors. In 2002, agriculture’ s share of total U.S . 
direct energy consumption was about 1%. Agriculture’s shares of nitrogen and 
pesticide use — two of the major indirect agricultural uses identified by the U.S. 
Dept of Agriculture (USDA) — are signficantly higher at about 56% and 67%, 
respectively. 

U.S. farm production — whether for crop or animal products — has become 
increasingly mechanized and requires timely energy supplies at particular stages of 
the production cycle to achieve optimum yields. Energy’s share of agricultural 
production expenses varies widely by activity, production practice, and locality. 
Since the late 1970s, total agricultural use of energy has fallen by about 28%, as a 
result of efficiency gains related to improved machinery, equipment, and production 
practices. Despite these efficiency gains, total energy costs of $28.8 billion in 2003 
represented 14.4% (5.2% direct and 9.3% indirect) of annual production expenses of 
$198.9 billion. As a result, unexpected changes in energy prices or availability can 
substantially alter farm net revenues, particularly for major field crop production. 

High fuel and fertilizer prices in 2004, and increasing energy import dependence 
for petroleum fuels and nitrogen fertilizers has led to concerns about the impact this 
would have on agriculture. High natural gas prices have already contributed to a 
substantial reduction in U.S. nitrogen fertilizer production capacity — over a 23% 
decline from 1998 through 2003 . In the short run, price- or supply-related disruptions 
to agriculture’s energy supplies could result in unanticipated shifts in the production 
of major crop and livestock products, with subsequent effects on farm incomes and 
rural economies. In the long run, a sustained rise in energy prices may have serious 
consequences on energy-intensive industries like agriculture by reducing profitability 
and driving resources away from the sector. 

This report provides information relevant to the U.S. agricultural sector on 
energy use, emerging issues, and related legislation. It will be updated as events 
warrant. 
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Energy Use in Agriculture: 
Background and Issues 

Introduction 

Agriculture, as a production-oriented sector, requires energy as an important 
input to production. U.S. farm production — whether for crop or animal products 
— has become increasingly mechanized and requires timely energy supplies at 
particular stages of the production cycle to achieve optimum yields. 

Several key points that emerge from this report are: 

• agriculture is reliant on the timely availability of energy, but has 
been reducing its overall rate of energy consumption; 

• U.S . agriculture consumes energy both directly as fuel or electricity 
to power farm activities, and indirectly in the fertilizers and 
chemicals produced off farm; 

• energy’ s share of agricultural production expenses varies widely by 
activity, production practice, and locality; 

• at the farm level, direct energy costs are a significant, albeit 
relatively small component of total production expenses in most 
activities and production processes; 

• when combined with indirect energy expenses, total energy costs can 
play a much larger role in farm net revenues, particularly for major 
field crop production; and 

• energy price changes have implications for agricultural choices of 
crop and activity mix, and cultivation methods, as well as irrigation 
and post-harvest strategies. 

This report provides background on the relationship between energy and 
agriculture in the United States. The first section provides background information 
on current and historical energy use in the U.S. agricultural sector and how this fits 
into the national energy-use picture. Energy’s role in agriculture’s overall cost 
structure is detailed both for present circumstances and for changes over time. 
Finally, this section examines how agriculture’s energy-use pattern varies across 
activities and regions. 
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Farm Energy Consumption Overview 

At the farm level, energy use is classified as either direct or indirect. Direct 
energy use in agriculture is primarily petroleum-based fuels to operate cars, pickups, 
and trucks as well as machinery for preparing fields, planting and harvesting crops, 
applying chemicals, and transporting inputs and outputs to and from market. 1 Natural 
gas, liquid propane, and electricity also are used to power crop dryers and irrigation 
equipment. Electricity is used largely for lighting, heating, and cooling in homes and 
bams. Dairies also require electricity for operating milking systems, cooling milk, 
and supplying hot water for sanitation. (See Table 1 for a listing of various direct 
and indirect energy uses by agriculture.) In addition, oils and lubricants are needed 
for all types of farm machinery. 

Indirect energy is consumed off the farm for manufacturing fertilizers and 
pesticides. Because of measurement difficulties, energy used to produce other inputs 
for agriculture, such as farm machinery and equipment, is not included in USDA’s 
definition of indirect energy. 2 

Agriculture as a Share of U.S. Energy Use 

Direct Energy Use. In 2002, the U.S. agricultural sector (encompassing both 
crops and livestock production) used an estimated 1 . 1 quadrillion Btu 3 of total direct 
energy. 4 This represents slightly more than 1% of total U.S. energy consumption of 
98 quadrillion Btu in 2002. (See Figure 1.) In comparison, the non-agricultural 
component of the industrial sector is estimated to have used 31.4 quadrillion Btu 
(32%), while the transportation sector used 26.5 quadrillion Btu (27%). 

As a result of its small share, significant changes in direct energy consumption 
by the U.S. agricultural sector are unlikely to have major implications for the overall 
supply and demand for energy in the United States. However, within the agricultural 
sector, changes in the supply and demand of energy can have significant implications 
for the profitability of U.S. agriculture as well as the mix of output and management 
practices. 



1 See CRS Report RL30758, Alternative Transportation Fuels and Vehicles: Energy, 
Environment, and Development Issues, for a description and cost comparison of the major 
fuels natural gas, LP gas or propane, and electricity, and the alternative fuels biodiesel, 
ethanol, and methanol. 

2 USDA, Economic Research Service (ERS), Agricultural Resources and Environmental 
Indicators, Agricultural Handbook No. 705, December 1994, p. 106. 

3 See Appendix, “What Is a Btu?” for a definition. 

4 John Miranowski, “Energy Consumption in U.S. Agriculture,” presentation at USDA 
conference on Agriculture as a Producer and Consumer of Energy, June 24, 2004; hereafter 
referred to as Miranowski (2004). Conference proceedings are available at [http://www. 
farmfoundation.org/projects/03-35EnergyConferencepresentations.htm]. 
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Table 1. Energy Uses in Agricultural Production 



Direct Use of Energy 


Fuel 


Operating farm machinery and large trucks: 

- field work (tractors, combines, mowers, balers, etc.) 

- input purchase and deliveries (large trucks) 


Diesel fuel 


Operating small vehicles (cars and pickup trucks): 
- farm management activities 


Gasoline 


Operating small equipment: 

- Irrigation equipment 

- Drying of grain or fruit 

- Ginning cotton 

- Curing tobacco 

- Heating for frost protection in groves and orchards 

- Crop flamers 

- Heating/cooling of cattle barn, pig or poultry brooder, 
greenhouse, stock tanks, etc. 

- Animal waste treatment 

- Standby generators 


Diesel fuel 
Natural Gas (NG) 
LP Gas (LP) 
Electricity (E) 


General farm overhead 

- Lighting for houses, sheds, and barns 

- Power for farm household appliances 


Electricity 


Custom operations 

- Field work (e.g., combining) 

- Drying 

- Other 


Diesel, Gasoline, 
NG, LP, E 


Marketing 

- Transportation: elevator to terminal, processor, or port 

- Elevating 


Diesel 

Gasoline 


Indirect Use of Energy 


Fuel 


Fertilizer 

- Nitrogen-based (NG is 75% to 90% of cost of prod.) 

- Phosphate (NG is 15% to 30% of cost of prod.) 

- Potash (NG is 15% of cost of prod.) 


Natural Gas (NG) 


Pesticides (insecticides, herbicides, fungicides) 


Petroleum or NG 



Source: Assembled by CRS from various sources. 
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Figure 1. In 2002, Agriculture Accounted for 1% of 
Total U.S. Direct Energy Use 



Total U.S. Direct Energy Consumption in 2002 was 
98 Quadrillion Btu 




Source: Dept of Energy, Energy Information Agency. 

Note: Each user category includes primary energy plus electricity. 
Electric generation used 38.2 billion Btu of primary energy. 



Indirect Energy Use. In contrast to direct energy, agriculture’s share of two 
important indirect energy uses — fertilizer and pesticide use — is signficantly higher. 
According to the Government Accountability Office (GAO), 5 in 2002 agriculture 
accounted for about 56% (12 million out of about 21.4 million metric tons) of total 
U.S. nitrogen use. 6 Nitrogen fertili z er is the principal fertili z er used by the U.S. 
agricultural sector. (See the section “Fertilizer Production Costs” later in this report 
for more information.) Data on agriculture’s share of phosphorous and potash 
fertilizer use was not readily available. 

In addition, the U.S. Environmental Protection Agency (EPA) estimates that 
U.S. agriculture accounted for 67% of expenditures on pesticides in the United States 
in 2001 (the year for which data was most recently available). 7 

Although direct use of natural gas by agriculture is the smallest of any major 
energy source (see Figure 2), its importance is magnified by an indirect linkage with 
fertilizers, particularly nitrogenous fertilizers. Natural gas is the major feedstock of 
nitrogenous fertilizers and represents as much as 90% of the cost of production of 
anhydrous ammonia — the primary ingredient for most nitrogen fertilizers. 
Similarly, but to a smaller extent, natural gas is a significant cost component in the 



5 Formerly the General Accounting Office. 

6 GAO, Natural Gas: Domestic Nitrogen Fertilizer Production Depends on Natural Gas 
Availability and Prices, GAO-03-1 148, Sept. 2003, p. 4. 

7 U.S. EPA, Pesticide Industry Sales and Usage: 2000 and 2001 Market Estimates, May 
2004, p.6. 
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production of both phosphate (15% to 30% of production costs) and potash (15%) 
fertilizers. 

If fertilizers and pesticides were divided into their natural gas and petroleum 
components, the total direct and indirect consumption of natural gas would amount 
to over 26% of total energy consumption in the agricultural sector. 

Agriculture Sector Energy Use by Source 

Of the estimated 1 .7 quadrillion Btu of total energy used by the U.S. agricultural 
sector in 2002, 65% (1. 1 quadrillion Btu) was consumed as direct energy (electricity, 
gasoline, diesel, LP gas, 8 and natural gas), compared with 35% (0.6 quadrillion Btu) 
consumed as indirect energy (fertilizers and pesticides). 

Figure 2. U.S. Farm Energy Use by Source, 2002 

Total Energy Directly and Indirectly Consumed on 
U.S. Farms in 2002 was 1.7 Quadrillion Btu 




Total Energy Use by Agriculture Has Declined Over Time. 

Agricultural energy use peaked at 2.4 quadrillion Btu in 1978. 9 The oil price shocks 
of the late 1970s and early 1980s forced the agricultural sector to become more 
energy efficient. Since the late 1970s, the direct use of energy by agriculture has 
declined by 26%, while the energy used to produce fertilizers and pesticides has 
declined by 31%. (See Figure 3.) Switching from gasoline-powered to more fuel- 
efficient diesel-powered engines, adopting conservation tillage practices (which tend 



8 LP (liquified petroleum) gas is the generic name for commercial propane and commercial 
butane gases. 

9 Miranowski (2004). 



